We present weak lensing cluster search using Hyper Suprime-Cam Subaru Strategic Program (HSC survey) first-year data. We pay a special attention to the dilution effect of cluster member and foreground galaxies on weak lensing peak signal-to-noise ratios (SN s); we adopt the globally normalized weak lensing estimator which is least affected by cluster member galaxies, and we select source galaxies by using photometric redshift information to mitigate the effect of foreground galaxies. We produce six samples of source galaxies with different low-z galaxy cuts, construct weak lensing mass maps for each of source sample, and search for high peaks in the mass maps that cover the effective survey area of ∼120 deg 2 . We compile six catalogs of high peaks into the sample of cluster candidates which contains 124 high peaks with SN ≥ 5. We cross-match the peak sample with the public optical cluster catalog constructed from the same HSC survey data to identify cluster counterparts of the peaks. We find that 107 out of 124 peaks have matched clusters within 5 arcmin from peak positions. Among them, we define a sub-sample of 64 secure clusters that we use to examine dilution effects on our weak lensing peak finding. We find that source samples with the low-z galaxy cuts mitigate the dilution effect on peak SN s of high-z clusters (z 0.3), and thus combining multiple peak catalogs from different source samples improves the efficiency of weak lensing cluster searches.
Introduction
Clusters of galaxies have been playing important roles in the modern cosmology: Their abundance and evolution have been used to place constraints on cosmological parameters (Allen et al. 2011) , and their baryonic components (galaxies and hot intra-cluster gas) have been used to study physical processes of hierarchical structure formation in the universe (Kravtsov & Borgani 2012) . In those studies, a large sample of clusters of galaxies is fun-damental data, which has been constructed by identifying their tracers such as optical galaxy concentrations, X-ray emissions, Sunyaev-Zel'dovich effect, and dark matter concentrations via weak lensing technique (Pratt et al. 2019 ). Since any cluster mass-observable relations have scatters, sample completeness in terms of the cluster mass, which is the principal quantity to link an observation to a theory, varies from method to method. Weak lensing cluster finding is unique in that it uses the matter concentration as the tracer regardless of physical state of baryonic components, enabling to locate under-luminous clusters.
Observationally, there are two conflicting difficulties constructing a sizable cluster sample with weak lensing in a practical time scale; a wide survey area to locate rare objects, and a deep imaging to achieve a sufficient number density of source galaxies. Thanks to development of wide-field optical cameras with dedicated wide field surveys, weak lensing cluster finding has made rapid progress in the last two decades, (see Table 1 of Miyazaki et al. 2018a , and references therein). Recently, Miyazaki et al. (2018a) have conducted weak lensing cluster finding in ∼160 deg 2 area of Hyper Suprime-Cam Subaru Strategic Program (hereafter, HSC survey, Aihara et al. 2018b) firstyear data (Aihara et al. 2018a; Mandelbaum et al. 2018a) , and have reported detection of 65 peaks with signal-tonoise ratio (SN ) greater than 4.7 in weak lensing mass maps. They cross-matched the peaks with optical cluster catalogs and found that 63 out of 65 peaks had optical counterparts, demonstrating that a wide field survey with a sufficient depth (for their case i = 24.5 mag) is indeed able to yield a sizable and high purity cluster sample.
In the near future, the size of weak lensing cluster sample will become much larger as much wider weak lensingoriented surveys will come: The final survey area of HSC survey is 1400 deg 2 (more than eight times of the first-year data), and Large Synoptic Survey Telescope (LSST, Ivezić et al. 2019) and Euclid survey (Laureijs et al. 2012; Racca et al. 2018) will cover a large portion of the sky with a sufficient depth. It is thus worth improving methods of weak lensing cluster finding by making best use of multi-band dataset that on-going/future surveys take. This is exactly the purpose of this paper.
In this paper, we focus on the dilution effect that we briefly explain below: Weak lensing effect by clusters distorts shapes of background galaxies in a coherent manner. If a galaxy sample used for weak lensing analysis contains not only background lensed galaxies but also foreground and/or cluster member galaxies which are not affected by cluster lensing, the latter acts as contaminants in weak lensing analysis and dilute the lensing signals by clusters. In weak lensing cluster findings, redshifts of clusters are unknown in advance, and thus a galaxy sample is commonly selected by a simple magnitude-cut on a single band photometry (for example, Miyazaki et al. 2002; Hamana et al. 2015) . Such a galaxy sample inevitably contains foreground/cluster member galaxies and suffers from the dilution effect.
Weak lensing cluster finding is based on peak heights on mass maps. The detection threshold is set by the peak height SN considering the trade-off between numbers of detected clusters and false detections (lowering the thresh-old SN leads to a larger number of cluster detections at the cost of a higher false detection rate). However, the peak heights of cluster lensing are indeed affected by the dilution effect. Its direct impact is the decline in numbers of cluster detections. Another impact is on theoretical models of weak lensing mass map peaks; incorporating its effect into theoretical models requires a realistic modeling of the dilution effect which is most likely dependent on cluster mass, redshift, and galaxy selection criteria (for example, a detection band, magnitude-cut, and size-cut). Therefore it is fundamentally important to understand actual dilution effects on weak lensing mass maps on a case-by-case basis.
The purpose of this paper is two-fold: The first is to develop an weak lensing cluster finding method that mitigates the dilution effects by incorporating photometric redshift information of galaxies. We apply it to HSC survey first-year data in which both the weak lensing shape catalog and photometric redshift data are publicly available (Mandelbaum et al. 2018a; Tanaka et al. 2018) . We present a sample of weak lensing peaks located by our finding method. We identify their counterpart clusters by cross-matching with the optical cluster catalog . Then using the derived weak lensing cluster sample, we examine the dilution effects on actual weak lensing mass maps in an empirical manner, which is our second purpose.
The structure of this paper is as follows. In Section 2, we briefly summarize the HSC survey first-year shear catalog and the photometric redshift data used in this study. In Section 3, we describe the methods to generate a sample of weak lensing peaks; including the selection of source galaxies, the method to reconstruct weak lensing mass maps, and peak finding algorithm. In Section 4, the weak lensing peaks are cross-matched with a sample of optical clusters to identify their cluster counterparts. Then we examine fundamental properties of weak lensing clusters detected by our method. In Section 5, we examine the dilution effects of foreground and cluster member galaxies on our weak lensing peaks in an empirical manner using actual source galaxy samples and empirical models. Finally, we summarize and discuss our results in Section 6. In Appendix 1, we present results of cross-matching of our sample of weak lensing peaks with selected catalogs of known clusters. In Appendix 2, we describe systems of neighboring peaks in our peak sample. In Appendix 3, we present results of the cluster mass estimate of the weak lensing peak sample based on a model fitting to weak lensing shear profiles. In Appendix 4, we compare the globally normalized SN estimator, which is adopted in this study, with the locally normalized SN estimator adopted in some previous studies (for example, Hamana et al. 2015) .
Throughout this paper we adopt the cosmological model with the cold dark matter (CDM) density Ω cdm = 0.233, the baryon density Ω b = 0.046, the matter density Ωm = Ω cdm + Ω b = 0.279, the cosmological constant ΩΛ = 0.721, the spectral index ns = 0.97, the normalization of the matter fluctuation σ8 = 0.82, and the Hubble parameter h = 0.7, which are the best-fit cosmological parameters in the Wilkinson Microwave Anisotropy Probe (WMAP) 9year results (Hinshaw et al. 2013 ).
HSC survey data
In this section, we briefly describe those aspects of HSC survey first year products that are directly relevant to this study, see the following references for full details: Aihara et al. (2018b) for an overview of the HSC survey and survey design, Aihara et al. (2018a) for the first public data release, Miyazaki et al. (2018b) ; Komiyama et al. (2018) ; Kawanomoto et al. (2018); Furusawa et al. (2018) for the performance of the HSC instrument itself, Bosch et al. (2018) for the optical imaging data processing pipeline used for the first-year data, Mandelbaum et al. (2018a) for the first-year shape catalog, Mandelbaum et al. (2018b) for the calibration of galaxy shape measurements with image simulations, Aihara et al. (2019) for the public data release of the first-year shape catalog, and Tanaka et al. (2018) for photometric redshifts derived for the first-year data.
HSC first-year shape catalog
We use the HSC first-year shape catalog (Mandelbaum et al. 2018a) , in which the shapes of galaxies are estimated on the i-band coadded image adopting the re-Gaussianization PSF correction method (Hirata & Seljak 2003) . Only galaxies that pass given selection criteria are contained in the catalog. Among others, the four major criteria, which are relevant to the following analyses, for galaxies to be selected are,
(1) full-color and full-depth cut: the object should be located in regions reaching approximately full survey depth in all five (grizy) broad bands, (2) magnitude cut: i-band cmodel magnitude (corrected for extinction) should be brighter than 24.5 AB mag, (3) resolution cut: the galaxy size normalized by the PSF size, which varies from position to position on coadded images depending on observational condition, defined by the re-Gaussianization method should be larger than a given threshold of ishape hsm regauss resolution ≥ 0.3, (4) bright object mask cut: the object should not be located within the bright object masks.
See Table 4 of Mandelbaum et al. (2018a) for the full description of the selection criteria. The HSC shape catalog contains all the basic parameters needed to perform weak lensing analyses in this study. The following five sets of parameters for each galaxy are directly relevant to this study (see Mandelbaum et al. 2018a , for a detail description of each item); (1) the twocomponent distortion, e = (e1, e2), which represents the shape of each galaxy image, (2) shape weight, w, (3) intrinsic shape dispersion per component, erms, (4) multiplicative bias, m, and (5) additive bias, (c1, c2).
Photometric redshifts
Using the HSC five-band photometry, photometric redshift (hereafter photo-z) was estimated with six independent codes, described in detail in Tanaka et al. (2018) . In this study, we adopt Ephor AB photo-z data which were derived from the PSF-matched aperture photometry (called the afterburner photometry) using a neural network code, Ephor 1 . The data-set contains not only the point estimate but also the probability distribution function of the redshift for each galaxy, that we use to select source galaxies (see Section 3.1).
Weak lensing mass maps and high SN peaks
In this section, we describe our procedure for constructing a sample of high SN peaks located in weak lensing mass maps.
Source galaxy selection
We use photo-z information to select source galaxies which are used in constructing weak lensing mass maps (detailed in the next subsection). We adopt the P-cut method proposed by Oguri (2014) that uses the full probability distribution function of redshift, denoted by P (z), for each galaxy estimated by the ephor method; we define samples of source galaxies that satisfy
with the threshold integrated probability of P th = 0.95. Our main aim here is to mitigate the dilution effects of foreground and cluster member galaxies, and thus a choice of zmax is not crucial as far as it does not so much reduce (2)]. The normalization is taken so that dzns(z) = 1 for the "no-cut" case (i.e. the full galaxy sample) shown in black histogram. Top panel: Ratio of the redshift distribution for a source sample to that of "no-cut" case.
the number density of source galaxies. In this study, we take zmax = 3. Since we do not know redshifts of clusters to be located in mass maps in advance, we take multiple choices of zmin, to be specific, we take zmin = 0, 0.2, 0.3, 0.4, 0.5, and 0.6.
The summation of P (z) over selected galaxies gives a reasonably reliable estimate of redshift distribution of the source sample 2 . Taking the lensing weight (wi) into account, we have 2 Notice that the stacking photo-z P (z) is not a mathematically sound way to infer the true redshift distribution (see Section 5.2 of Hikage et al. 2019 ). 
(2)
The effective redshift distributions derived by this method are shown in Fig. 1 in comparison with the full galaxy sample. It is seen in the Figure that the P-cut method works well to suppress the probability that source samples include galaxies being at outside the given redshift ranges. The mean source galaxy number densities for each sample are summarized in Table 1 .
Weak lensing mass reconstruction
The weak lensing mass map which is the smoothed lensing convergence field (κ) is evaluated from the tangential shear data by (Schneider 1996) 
where γt(φ : θ) is the tangential component of the shear at position φ relative to the point θ, and Q is the filter function for which we adopt the truncated Gaussian function (for κ field) (Hamana et al. 2012) ,
for θ < θo and Q = 0 elsewhere. The filter parameters should be chosen so that signals (high peaks in weak lensing mass maps) from expected target clusters (i.e. M > 10 14 h −1 M⊙ at 0.1 < z < 0.6) become largest (see Hamana et al. 2004 ). We take θG = 1.5 arcmin and θo = 15 arcmin.
In our actual computation, K is evaluated on regular grid points with a grid spacing of 0.15 arcmin. Since galaxy positions are given in the sky coordinates, we use the tangent plane projection to define the grid. On and around regions where no source galaxy is available due to imaging data being affected by bright stars or large nearby galaxies, K may not be accurately evaluated. We define "dataregion", "masked-region" and "edge-region" by using the distribution of source galaxies as follows: First, for each grid point, we check if there is a galaxy within 0.75 arcmin (about three times the mean galaxy separation) from the grid point. If there is no galaxy, then the grid point is flagged as "no-galaxy". After performing the procedure for all the grid points, all the "no-galaxy" grid points plus all the grid points within 0.75 arcmin from all the "nogalaxy" grid points are defined as the "masked-region". All the masked-regions are excluded from our weak lensing analysis. All the grid points located within 1.5 arcmin (we take this value by setting it equal to θG) from any of masked-region grid points are defined as the "edge-region". All the rest of grid points are defined as the "data-region". Since the sky distribution of galaxies differs among different source samples, we carry out this procedure for every source sample. The total survey areas (data-region) of each source sample are summarized in Table 1 , and areas of six fields for zmin = 0 sample are summarized in Table 2 . The difference in the total areas among different source samples is not large but 3 percents at largest. The total areas of the edge-region are ∼ 30 degree 2 , accounting for ∼ 20 percents of the data-plus edge-region.
On grid points, K is evaluated using equation (3), but the integral in that equation is replaced with a summation over galaxies;
where the summation is taken over galaxies within θo from a grid point at θ,γt,i is an estimate of tangential shear of i-th galaxy at the angular position φ i from the grid point, andng is the mean galaxy number density (see Section 5.1 and Appendix 4 for discussion on our choice of the global normalization, and see also Schmidt & Rozo 2011 for a related study). The noise on mass maps coming from in-trinsic shapes of galaxies is evaluated on each grid point (Schneider 1996) ,
We define the signal-to-noise ratio (SN ) of weak lensing mass map by
where σ 2 shape is the mean value over all the grids in the data-region.
Taking the lensing weight, which we normalized so that the total weight equals the total number of galaxies (i.e., i wi = Ng), and measurement biases into account, equation (5) is modified to, (Mandelbaum et al. 2018a) ,
where et is the tangential component of distortion taken from the HSC shape catalog. Sample averaged multiplicative bias, responsibity factor and additive bias are given as follows,
and
where ct,i is the tangential component the additive bias for each galaxy. Similarly, the expression for the shape noise, equation (6), is modified to,
3.3 Peak finding and merging multiple peak catalogs
We apply weak lensing mass reconstruction to each sample of source galaxies. We define a peak in the generated mass maps as a grid point with SN value being higher than any surrounding eight grid points. We first select peaks with SN ≥ 4 located in the data-region. If there is a pair of peaks with their separation smaller than √ 2 × θG ≃ 2.1 arcmin, the lower SN peak of the pair is discarded to avoid multiple peaks from a single cluster (due to, for example, substructures of clusters).
The numbers of peaks with SN ≥ 5 for six source samples are summarized in Table 1 . Note that only peaks located in the data-region are included in the peak catalogs. In the same Table, the mean shape noise values measured from each sample are summarized, which scale with the galaxy number density approximately as σ 2 shape ∝n −1 g as expected (Schneider 1996) . It should be noticed that although the shape noise becomes larger for higher zmin samples, the number of peak detection does not always decrease. This may indicate that our source sample selection with a low-z cut indeed mitigates the dilution effects, that we will go into detail in Section 5.
We combine the six catalogs of high peaks (SN ≥ 4) from different source samples by matching peak positions to a tolerance of 2 × θG = 3 arcmin. Most of peaks have multiple matches. Matched peaks from different source samples are merged and are considered as peaks from the same cluster, and the highest SN among matched peaks is taken as its peak SN that we denote SNmax and we define its source sample's zmin as zopt. There are 124 merged peaks with SNmax ≥ 5, which we take as our primary sample of cluster candidates. In Table 3 , basic information of those 124 merged peaks are summarized.
In the last column of Table 1 , we present numbers of merged peaks for each zopt = zmin with numbers in the parentheses being those not existing in zmin = 0 sample. We see that zopt is distributed rather broadly with a noticeable number at the highest zmin sample. It is found that 69 out of 124 merged peaks have SN (zmin = 0) < 5 (to be specific, SN s of those peaks measured in mass maps from zmin = 0 source sample are smaller than 5). This may be an indication that the dilution effects indeed have nonnegligible influence on peak SN s in mass maps of zmin = 0.
Cross-matching with CAMIRA-HSC clusters
We cross-match our merged peak catalog with the CAMIRA (Cluster-finding Algorithm based on Multi-band Identification of Red-sequence gAlaxies, Oguri 2014) HSC cluster sample to identify clusters of galaxies from which weak lensing peak signals originate. CAMIRA-HSC cluster sample is based on the HSC S16A data set ) that our weak lensing analysis is also based on, and thus covers our survey fields uniformly except for regions affected by blight objects. We take this optically-selected cluster catalog as our primary reference sample, because it covers sufficiently wide redshift range (0.1 < z < 1.1) and cluster mass (the richness Nmem > 15, where richness is defined as the effective number of member galaxies above stellar mass greater than 10 10.2 M⊙). For each cluster, the sky coordinates and cluster redshifts based on photo-zs are estimated (see details of cluster finding algorithm and definitions of those quantities, Oguri 2014; Oguri et al. 2018 ), that we use in the following analysis. See Appendix 1 for results of cross-matching with other selected cluster sam- 
ples.
We cross-match our merged peak catalog with CAMIRA-HSC clusters 3 with their positions to a tolerance of 5 arcmin. We summarize the results in Table 1 , in which the angular separation between a peak position and a matched CAMIRA-HSC cluster position is given (θsep). Since the smoothing scale of weak lensing mass map is θG = 1.5 arcmin, the tolerance radius could be large enough to identify clusters of galaxies from which the weak lensing peaks originate. However, 17 out of 124 peaks have no CAMIRA-HSC cluster counterpart (see Appendix 1.1 for some details of those peaks). Among the rest of 107 peaks, 25 peaks have multiple matches (mostly matched with two CAMIRA-HSC clusters, but 3 out of 25 peaks have three matches). There are some possible reasons for those systems: Some of such peaks could be due to physically interacting nearby cluster systems, but others could be generated not from a single system but from a line-ofsight projection of multiple clusters (Hamana et al. 2004) . In this paper, we are not going into details of such multiplematch peaks.
Among 82 peaks matched with a single CAMIRA-HSC cluster, 64 peaks have CAMIRA-HSC cluster counterparts within 2 arcmin from peak positions. Although it is pos-3 There are some different CAMIRA-HSC catalogs based on different HSC data sets. We use the HSC wide cluster catalog based on HSC S16A data with updated star mask called 'Arcturus' (Mandelbaum et al. 2018a ). The catalog is available from https://www.slac.stanford.edu/˜oguri/cluster/. sible that some of those peaks are affected by line-of-sight projections of small clusters (below the richness threshold of CAMIRA algorithm), it is highly likely that the major lensing contribution comes from the matched CAMIRA-HSC clusters. Also we have visually inspected those systems with HSC riz-color image, and found good correlations between weak lensing mass over-densities and galaxy concentrations for all the cases. We thus define those 64 peaks as the sample of weak lensing secure clusters with the redshift (that we denote z cl ) taken from the matched CAMIRA-HSC cluster, which we will use to investigate the dilution effects in the following section. The redshift distribution of those weak lensing secure clusters is shown in Figure 2 . In the same plot, we also show the distribution of those weak lensing secure clusters that have SN ≥ 5 in weak lensing mass maps from the source sample of zmin = 0. Comparing the two distributions, we see that a large part of clusters at z cl > 0.4 have peak SN s below our threshold of SN = 5 in the mass maps of zmin = 0, and pass the threshold in mass maps of zmin ≥ 0.2.
We derive the cluster masses of the weak lensing secure clusters by fitting the NFW model to measured weak lensing shear profiles based on the standard likelihood analysis (see Appendix 3 for details). Derived cluster masses are plotted on the cluster mass-redshift plane in Figure 3 , where black (red) symbols are for clusters with the peak SN ≥ 5(< 5) in weak lensing mass maps from the source sample of zmin = 0. From this Figure, we find that clusters below the peak height threshold (SN = 5) in the mass maps of zmin = 0 are mostly relatively lower mass clusters at z cl 0.4.
Dilution effects on weak lensing peaks from clusters
The dilution effects on weak lensing high peaks originating from clusters are caused by foreground and cluster member galaxies. Let us first make a rough estimate of proportions of those galaxies in our source galaxy samples. We see from the estimated redshift distributions of source samples shown in Figure 1 that a proportion of foreground to background galaxies depends strongly on both cluster redshifts and source samples, and it can be more than 20 percents for high-z clusters in low-zmin source samples. We estimate a proportion of cluster member galaxies by measuring stacked galaxy number density profiles of sub-samples of weak lensing secure clusters selected based on cluster redshifts. The measurement is done for every source galaxy sample and results are presented in Figure 4 for four redshift ranges. We find that, at cluster central regions, a considerable amount of cluster member galaxies are contained in source samples with zmin < z cl except for the case of the lowest cluster redshift range. The excess mostly disappears in source samples with zmin > z cl . However, we note that the degree of the excess and its suppression largely vary from cluster to cluster.
We have adopted two means to mitigate the dilution effects: One is to take the globally normalized SN estimator, equation (7) with equations (5) and (6), and the other is to combine multiple peak catalogs from weak lensing mass maps of source samples with different zmin. In the following sub-sections, we will first describe the former, then we will examine the effectiveness of the latter using actual source galaxy samples. Figure 4 is that the deficiency of source galaxies in cluster central regions for the lowest redshift cluster sample and for the other samples with zmin > z cl . There are two possible causes of this: One is the masking effect of bright cluster galaxies that screen background galaxies behind them. The other is the lensing magnification effect that enlarges a sky area behind clusters resulting in a decreases of the local galaxy number density (for more details, see Bartelmann & Schneider 2001 ; and see Chiu et al. 2019 for a measurement of lensing magnification effect in the HSC data). We are not going into further details of those two effects because it is beyond the scope of this paper, but we examine their influence on the peak height using empirical models in Section 5.3.
Another important point seen in

The globally normalized SN estimator
Here, we explain how the globally normalized SN estimator defined by equation (7) can mitigate the dilution effect of cluster member galaxies. We examine actual advantage of this estimator over the locally normalized estimator in Appendix 4.
Let us assume the following simple model of a galaxy distribution which consists of three populations; lensed background galaxies (bg), unlensed foreground galaxies (f g), and unlensed cluster member galaxies (cl), with number densities of n bg , n f g , and n cl (θ), respectively. Note that we have assumed that only n cl (θ) has a non-uniform sky distribution associated with clusters of galaxies. As is seen in Figure 4 , n cl (θ) can be comparable to n bg + n f g at cluster central regions. However, since the cluster population is very rare in the sky, in what follows, we assume that the globally averaged n cl (θ) is much smaller than n bg +n f g , and we takeng = n bg + n f g . Then the globally normalized estimator, equation (5), can be formally written by
where from the second to third line, we have used the fact that the foreground and cluster member galaxies have no lensing signal. Denoting the galaxy intrinsic ellipticity by e int and its shear converted one byê = e int /2R, the estimator of the shape noise, equation (6), can be written, in the same manner, by
where we have ignored the contribution from lensing shear.
Taking an average over a survey field, we have,
where we have again assumed that on global average the contribution from the cluster member population is small and have ignored it. Using those expressions, the globally normalized SN defined by equation (7), can be written by , σ −1 shape (black dashed lines) or SN peak (red solid lines) on zmin. All the quantities (signified by Y (zmin)) are normalized by their values at zmin = 0. Different panels for different cluster redshifts, z cl , which are denoted in each panel.
Note that in the above expression, there is no contribution from cluster member population. Therefore, the globally normalized estimator is, to a good approximation, free from the dilution effect of the cluster member galaxies.
Dilution effect of foreground galaxies
Foreground galaxies have two effects on weak lensing peak SN s from clusters. One is to dilute the lensing signal, and the other is to make the shape noise level on mass maps smaller. Below we will first derive relevant expressions for those two effects, and evaluate the dilution effect of foreground galaxies using actual redshift distributions of source galaxies. Then, we will compare it with actual data measured using the secure weak lensing cluster sample. Focusing on contributions from foreground and background galaxies, from equation (13), the peak signal can be approximately written by
where γt z is the source redshift distribution weighted mean tangential shear. Since the source redshift depen- dence of the tangential shear enters only through the distance ratio, D ls /Ds, we can re-write equation (17) by
where ns(z) is the redshift distribution of source galaxies. In the same manner, from equation (15) we have
where we have ignored a possible redshift dependence of ê 2 . This is the well known scaling relation between the shape noise and galaxy number density (Schneider 1996) . The weak lensing peak SN from clusters relates to the source redshift weighted distance ratio and the shape noise as,
Since both the distance ratio and the shape noise depend on source galaxy samples, the peak SN from a cluster does as well. In our case, the source galaxy selection is characterized by zmin, and thus we evaluate the dependence of those quantities on zmin using the redshift distributions of our source samples defined by equation (2). Results are shown in Figure 5 for cluster redshifts of z cl = 0.15, 0.25, 0.35, and 0.45. Findings from that figure are as follows:
The shape noise, which is not dependent on z cl , monotonically increases with zmin as expected. The source redshift weighted distance ratio increases with zmin. Since a fraction of foreground galaxies is larger for the higher redshift clusters, the higher the cluster redshift is, the more the distance ratio increases. Those two effects compete; For clusters with redshifts lower than 0.3, their weak lensing peak SN decreases with zmin. However, for higher redshift clusters, SN stays almost constant or slightly increases with zmin.
We examine actual dependence of peak SN s on zmin using the weak lensing secure clusters. In doing so, we divide the secure clusters into four sub-samples based on the cluster redshift (to be specific, 0.
For each sub-sample, we evaluate the mean of SN (zmin)/SN (zmin = 0) and its standard error among sample clusters. The results are shown in Figure 6 . We find that the measured ratios of SN (zmin)/SN (zmin = 0) is systematically larger than the expectations shown by the red lines (which are same as ones plotted in Figure 5 ), especially for lower-z clusters (z cl < 0.3). The reason of this is unclear; a possible cause is the intrinsic alignment of galaxies: Because the major axis of cluster neighbor galaxies tends to point toward a cluster center due to the intrinsic alignment effects (originating from, e.g., the gravitational tidal stretching, see for a review Joachimi et al. 2015 , and references therein), it reduces the peak SN value. Peak SN s of zmin = 0 maps are likely affected by this effect, and consequently they are likely biased low. If this is the case, it accounts for systematically larger SN (zmin)/SN (zmin = 0) found in the measured results, though this argument is rather phenomenological. Aside from this systematic difference, the measured ratios are in a reasonable agreement with expectations in their amplitudes and in its increasing trend toward higher-z clusters. From the above findings, we conclude that combining multiple peak catalogs from source samples with different zmin can mitigate the dilution effect of foreground galaxies, especially on high-z clusters.
Impact of a source galaxy deficiency on peak heights
Here we examine an impact on a peak SN from source galaxy deficiency at cluster central regions seen in the stacked galaxy number density profiles shown in Figure  4 . We note, however, that deficiency profiles vary greatly from cluster to cluster as is shown in Figure 7 . We use the empirical models of dark matter halo and simple model of the galaxy deficiency profiles, which we describe below. In the presence the source galaxy deficiency, the theoretical expression for the lensing signal from clusters, equation (3), is modified to
where fm(φ) is the source galaxy deficiency profile, for which we adopt the following parametric function,
where a and φ0 are the amplitude and scale parameters, respectively. We fit the measured deficiency profiles shown in Figure 4 with this function and derive typical values of those parameters that we take in the following analysis. We consider three models of fm(φ) shown in the top-panel of Figure 8 : The model with a = −0.25 mimics the stacked deficiency profile of a case 0.3 < z cl < 0.4 with zmin > z cl , and the model with a = −0.5 mimics ones of 0.1 < z cl < 0.2 (see Figure 4 ), whereas the model with a = −0.75 represents extreme cases from individual clusters shown in • Dark matter halos of clusters are modeled by the truncated NFW model (Baltz et al. 2009 ) with the massconcentration relation by Macciò et al. (2008) and Duffy et al. (2008) . • Redshift distributions of source galaxies of our source samples are estimated by equation (2), which are dependent on zmin, and are presented in Figure 1 .
Results are presented in Figure 8 . Note, however, that since the deficiency model is a crude approximation and halo mass dependence of the source deficiency is not taken into account, the results should be considered as a rough estimate of the impact of source deficiency on a peak SN .
In the bottom-panels, ratios between expected peak SN s with and without taking the source deficiency into account as a function of halo mass are shown for three deficiency models presented in the top-panel. Left-panel is for the case z halo = 0.15, whereas right-panel is for z halo = 0.35. We find that in both the cases, the suppression of SN due to the source deficiency is 2-5 percents for models with a = −0.25, 8-10 percents for a = −0.5 and 16-20 percents for the extreme case of a = −0.75. We thus conclude that a typical impact of source deficiency on a peak SN is a suppression of a few to ∼ 10 percents. However it can be ∼ 20 percents for individual cases. It is also seen in the Figure that for a given source deficiency model, the suppression decreases with increasing halo mass. The reason for this is that a relative contribution to a peak SN from galaxies within a fixed aperture is smaller for more massive halos.
Summary and discussions
We have presented weak lensing cluster search using HSC first-year data. We generated six samples of source galaxies with different zmin-cuts (we took zmin = 0, 0.2, 0.3, 0.4, 0.5 and 0.6), and made weak lensing mass maps for each source sample in which we searched for high peaks. From each source sample, we detected a sample of 68-75 weak lensing peaks with SN ≥ 5. We compiled the six peak samples into the sample of merged peaks. We obtained a sample of 124 weak lensing merged peaks with SNmax ≥ 5 which are candidates of clusters of galaxies. We cross-matched our peak sample with CAMIRA-HSC clusters to identify cluster counterparts of the peaks. We found that 107 out of 124 merged peaks have matched CAMIRA-HSC clusters within 5 arcmin from peak positions. Among the 107 matched peaks, 25 peaks have multiple matches, which might be generated by a line-of-sight projection of multiple clusters. Among the remaining 82 peaks matched with a single CAMIRA-HSC cluster, 64 peaks have CAMIRA-HSC cluster counterparts within 2 arcmin from peak positions. We confirmed by visual inspection of HSC image that for all the 64 peaks, there exist good correlations between weak lensing mass over-densities and galaxy concentrations. We thus defined those peaks as the sample of weak lensing secure clusters, and used them to examine the dilution effects on our weak lensing peak finding.
In this study, we have paid a particular attention to the dilution effect of cluster member and foreground galaxies on weak lensing peak SN s, and have adopted two means to mitigate its impact; the globally normalized estimator [equations (5), and (6)], and the source galaxy selection with different zmin-cuts using the full probability distribution function of galaxy photo-zs.
We have demonstrated, using the simple model of galaxy populations introduced in Section 5.1, that the peak SN defined by the globally normalized estimators is, to a good approximation, not affected by the dilution effect of the cluster member galaxies. This is in marked contract to the locally normalized SN which is indeed affected by the cluster member galaxies as is demonstrated in Appendix 4. We compared the peak heights of the globally normal-ized SNG with ones of the locally normalized SNL using our weak lensing mass maps, and found that for the peak samples with SNG ≥ 5, SNGs are, on average, about 10 percents larger than the corresponding SNLs.
In Section 5.2, we have examined the dilution effect of foreground galaxies and have demonstrated the ability of our source galaxy selection to mitigate it. We used the probability distribution function of photo-z, and adopted P-cut method (Oguri 2014) to remove galaxies at z < zmin which are foreground galaxies of clusters at z cl > zmin. This galaxy selection has two competing influences on weak lensing peak SN s from clusters: One is to mitigate the dilution effect of foreground galaxies, and the other is to make the shape noise level larger as the zmincut reduces the number density of source galaxies. We examined the expected impact on peak SN heights from those two factors using the estimated redshift distribution of the source samples, and found that for high/low-z clusters (z 0.3/z 0.2), the former/latter is more effective than the latter/former, leading to a gain/decline in peak SN s with increasing zmin.
We examined actual dependence of peak SN s on the source selection using the weak lensing secure clusters. We measured the ratios of SN (zmin)/SN (zmin = 0) for four sub-samples of secure clusters divided based on the cluster redshift (shown in Figure 6 ). We found that the measured results were in a reasonable agreement with the expectations in their amplitudes and in their increasing trend toward higher-z clusters, except for the systematic offset of about +5 to +10 percents which could be due to the intrinsic alignment of cluster neighbor galaxies. From the above findings, along with the fact that the number of merged peak sample (124 for SNmax ≥ 5) is nearly twice of the numbers from individual source samples (68-75 for SN ≥ 5), we conclude that combining multiple peak samples from source samples with different zmin indeed improve the efficiency of weak lensing cluster search, especially for high-z clusters.
We have also examined the effect of source galaxy deficiency on weak lensing peak heights. The source deficiency was clearly observed in stacked galaxy number density profiles of secure clusters at cluster central regions for the cluster sample of 0.1 < z cl < 0.2 and for the other samples with zmin > z cl (Figure 4 ). This can be due to the masking effect of bright cluster galaxies and/or the lensing magnification effect. We made a simple model prediction of the source deficiency effect on peak SN using the empirical models of dark matter halo combined with simple models of source deficiency profiles. We found that for realistic models of source deficiency, a peak SN is suppressed by a few to ∼ 10 percents.
Since we have focused on the dilution effect, there are some important issues/tasks related to weak lensing cluster search which have not been examined in this paper: The three major matters among others are:
1. The purity of the sample of 124 weak lensing cluster candidates: For every 64 weak lensing secure clusters, we have found a good correlation between weak lensing mass over-density and galaxy concentration, and have concluded that those weak lensing signals have a physical relationship with the counterpart CAMIRA-HSC cluster. In 18 out of remaining 60 cases, a peak is matched with a single CAMIRA-HSC clusters but their separations are larger than 2 arcmin. Physical connections between those weak lensing mass over-densities and clusters are not clear, which are a subject of a future study. 25 out of remaining 42 peaks have multiple CAMIRA-HSC clusters within 5 arcmin. In 23 out of the 25 cases, matched clusters of the same peak are separated in the redshift direction by ∆z > 0.1. Thus those peaks are likely affected by line-of-sight projections of physically unrelated clusters, though detail investigations of each peak are required to reveal their real nature. Finally, remaining 17 peaks have no matched CAMIRA-HSC cluster, for which we searched for possible counterpart clusters in a known cluster database taken from a compilation by NASA/IPAC Extragalactic Database (NED 4 ). The results are presented in Appendix 1.1. In 10 out of 17 peaks, possible counterpart clusters are found (see Table 4 ). In Figure  9 , we show HSC riz composite images of the remaining 7 peaks (that have no counterpart cluster found), in which good correlations between the weak lensing mass over-density and galaxy concentration are seen in some of those systems. Clearly, the above information is not enough to evaluate the purity of our sample; further followup studies combining information from other wavelength data (for example, X-ray and Sunyaev-Zeldovich effect), are required.
Weak lensing mass estimate of our cluster candidates:
Although cluster mass derived from weak lensing analysis can add valuable information to our sample, an accurate determination of cluster redshift as well as carefully taking account of line-of-sight projections of uncorrelated objects are required to estimate weak lensing mass accurately. We have derived weak lensing cluster masses only for weak lensing secure clusters which have good correlations between the weak lensing mass peak and galaxy overdensity (see Appendix 3). Since the remaining weak lensing peaks have either multi-ple CAMIRA-HSC cluster counterparts or a less correlated/no CAMIRA-HSC cluster counterpart, further detailed studies of individual systems are needed to derive their cluster masses, which we leave for a future study. 3. Masking effect of bright cluster galaxies and lensing magnification effect on weak lensing peak finding. As we discussed in the above, we have seen an observational indication of those effects as the deficiency of source galaxies at cluster central regions, and have examined their impact on the peak SN in Section 5.3. Since those effects are unavoidable in weak lensing cluster search, a further detail study of those effects are important for cosmological applications of weak lensing selected clusters. It is, however, beyond the scope of this paper, and we leave it for a future study.
Weak lensing mass maps contain a rich cosmological information beyond those obtained by analyses of the cosmic shear power spectrum or two-point correlation function (see, for example, Dietrich & Hartlap 2010; Yang et al. 2011; Petri et al. 2013; Shirasaki et al. 2017) . However, in this study, we showed that if a source galaxy sample is selected by, for example, a simple magnitude-cut, the dilution effects may alter SN s of high peaks in a nonnegligible amount, and thus may modify statistical properties of weak lensing mass maps. Therefore, when one uses weak lensing mass maps for a cosmological application, account should be taken of the dilution effects as well as of the source deficiency effect. We note that the effects are dependent on a source sample that one takes, and thus should be examined on a case-by-case basis. At the same time, developing source galaxy selection methods that can mitigate the dilution effects is another important subject in that research field.
Appendix 1 Cross-matching with selected cluster catalogs
A.1.1 Cluster counterparts of weak lensing peaks with no CAMIRA-HSC cluster counterpart Among 124 weak lensing merged peaks, 17 peaks have no CAMIRA-HSC cluster counterpart within 5 arcmin radius from the peak positions. However, note that one of them, HWL16a-121, is a known cluster (Abell 2457) at z = 0.059 which is outside the redshift coverage of CAMIRA algorithm .
We search for cluster counterparts of those peaks in a known cluster database taken from a compilation by NASA/IPAC Extragalactic Database (NED). Clusters matched within 5 arcmin radius from the peak positions are summarized in Table 4 . In 10 out of 17 peaks, possible counterpart clusters are found. For the remaining 7 peaks, we present HSC riz-band composite images in Figure 9 [panels (a)-(g)]. In that Figure, we find apparent galaxy concentrations near the weak lensing peaks of HWL16a-001, 011, 096, 118, and 122. It follows from this that those peaks are not necessarily false signals, but undiscovered counterpart clusters may exist.
In summary, combining results of cross-matching with CAMIRA-HSC cluster catalog and with known cluster database, we have found possible counterpart clusters for (g) HWL16a-123 (h) HWL16a-007 (lower peak), and 008 (upper peak) (i) HWL16a-021 (lower peak), and 022 (upper peak) (j) HWL16a-044 (lower peak), and 045 (upper peak) (k) HWL16a-062 (right-peak), and 063 (left peak) (l) HWL16a-068 (upper peak), and 069 (lower peak) Fig. 9. (Continued) (m) HWL16a-085 (lower peak), and 086 (upper-left peak) (n) HWL16a-105 (lower peak), and 106 (upper peak) A.1.2 Cross-matching with XXL clusters Adami et al. (2018) have presented a sample of 365 clusters of galaxies detected in the XXL Survey, which is a widefield and deep X-ray imaging survey conducted with XMM-Newton (Pierre et al. 2016) . The XXL survey consists of two survey fields, each covering ∼ 25 deg 2 area, and its north field (XXL-N) largely overlaps with our XMM field (see Figure 1 of Umetsu et al. 2020 ). Since the selection function of XXL clusters with respect to the cluster mass and redshift well covers that of our clusters (see, e.g., Fig 12 of Miyazaki et al. 2018a) , the XXL cluster sample provides good reference data to test the completeness of our weak lensing clusters.
Among 23 weak lensing merged peaks in XMM field (HWL16a-001-023), 14 peaks are located on the XXL survey footprints (see Figure 1 of Pacaud et al. 2016) . 11 out of 14 peaks have XXL cluster counterparts (see Table 3 ). The peaks with no XXL cluster counterpart are HWL16a-015, 018, and 019, for which we give their brief descriptions below, though future detail investigations of each peak are required to reveal their real nature:
• HWL16a-015 is matched with XLSSC 074 (Clerc et al. 2014) which is not contained in XXL 365 cluster sample (Adami et al. 2018 ). There are three known clusters within 5 arcmin from the peak position; see Appendix 1.1 for details. • HWL16a-018 has no CAMIRA-HSC cluster counterpart.
There are four known clusters within 5 arcmin from the peak position; see Appendix 1.1 for details. • HWL16a-019 has one CAMIRA-HSC cluster counterpart (CAMIRA-ID 388, z cl = 1.011), but the separation between them is 5.0 arcmin. Therefore the physical connection between the weak lensing peak and CAMIRA-HSC 388 is uncertain. There is one known cluster, CFHTLS W1-2587 (z cl = 0.30, Durret et al. 2011) , with the angular separation of 1.2 arcmin.
We note that HWL16a-021 and HWL16a-022 are both matched with the same XXL cluster, XLSSC 151 at z = 0.189. Also they are both matched with the same CAMIRA-HSC cluster (CAMIRA-ID 355, the estimated redshift of z = 0.276). In fact, those two are a close pair of peaks with their separation of ∼ 3 arcmin (see Figure 9 (i)), though they are identified as two individual peaks under our peak identification criteria (described in section 3.3). It is seen in Figure 9 (i) that the X-ray cluster XLSSC 151 is at the peak position of HWL16a-021, whereas CAMIRA-HSC cluster 355 matches better with HWL16a-022. Considering the difference in redshifts of those two clusters, it is likely that the twin peaks of the weak lensing SN map arise from a chance line-of-sight projection of two physically separated clusters. If this is the case, HWL16a-022 is another weak lensing peak having no XXL cluster counterpart.
A.1.3 Cross-matching with weak lensing peaks in Miyazaki et al. (2018a) Miyazaki et al. (2018a, M18 hereafter) presented a sample of weak lensing peaks detected in mass maps constructed from the HSC first-year shape catalog (Mandelbaum et al. 2018a ) that we also used in this study. Although the method of weak lensing mass map construction is very similar to that of this study, differences in source galaxy selection and criteria of peak identification result in different peak samples. Their peak sample contains 65 peaks with SN > 4.7. We cross-match their peaks with our extendedsample (peaks with SN ≥ 4 are included) by their peak positions to a tolerance of θG = 1.5 arcmin. Among their 65 peaks, 51 peaks are matched with our final merged peaks (SN ≥ 5, see Table 3 ). The remaining 14 peaks fall into the following five categories:
1. [M18 rank 51]: A corresponding peak exists in our final merged sample (HWL16a-054), but their separation is 2.6 arcmin which exceeds the tolerance length. 2. [M18 rank 49, 55, and 60]: A matched peak exists in our extended-sample with 5 > SNmax ≥ 4, but its SNmax is below our threshold. 3. [M18 rank 7, 27, 31, 41 and 43]: A corresponding peak exists in our extended-sample with SNmax ≥ 4, but is located in the edge-region. 4. [M18 rank 37 and 38]: No corresponding peak exists in our extended-sample. Note that both the peaks are located in our edge-region. 5. [M18 rank 15, 45 and 46]: Those peaks are located in our masked-regions where we have not performed weak lensing analysis.
In summary, among 65 peaks in M18 sample, all the 55 peaks located in our data-regions have counterpart peaks in our extended-sample (including M18 rank 51-HWL16a-054).
Appendix 2 Systems of neighboring weak lensing peaks
In weak lensing mass maps, there are systems of neighboring peaks; those are either two isolated clusters or one cluster having substructure or under a merging process. Distinguishing clusters' dynamical states with the only weak lensing information is practically impossible. Nevertheless, we have adopted a simple criterion that neighboring peaks with their separation larger than √ 2 × θG ≃ 2.1 arcmin are regarded as two isolated peaks (see Section 3.3). Consequently, there are systems of neighboring peaks, whose dynamical states are ambiguous, in our final peak catalog (Table 3) .
Here we describe those systems of neighboring peaks having a common CAMIRA-HSC cluster within 5 arcmin from both the peaks. There are seven such systems, whose HSC riz composite images are shown in Figure 9 [panels (h)-(n)]. Below we give short descriptions of them:
• HWL16a-007 and 008 [ Figure 9 (h)]: Although the both the peaks have a common CAMIRA-HSC cluster (ID-149, z cl = 0.287), they match with the different XXL clusters, XLSSC 111 (z = 0.299) and XLSSC 117 (z = 0.300). Thus those are likely two isolated clusters at very close redshifts. is probably a non-related high-z cluster as no associated lensing signal appears. Beside it, a cluster counterpart of HWL16a-063 is not found. However, a good correlation between HWL16a-063 and an apparent concentration of bright galaxies is clearly seen. matches better with CAMIRA-HSC cluster (ID-1339, z cl = 0.536), whereas HWL16a-086 matches better with CAMIRA-HSC cluster (ID-1344, z cl = 0.149). Another cluster (ID-1341, z cl = 0.884) probably a non-related high-z cluster as no associated lensing signal appears. Thus the two peaks originate from two isolated clusters. • HWL16a-105 and 106 [ Figure 9 (n)]: CAMIRA-HSC cluster (ID-1628, z cl = 0.100) matches better with HWL16a-106. No apparent lensing signal associated with another cluster (ID-1680, z cl = 0.357) appears. Not enough information is available to infer the physical connection between those two peaks. cluster counterpart, and to avoid systems with line-ofsight projection. The latter is required as our cluster model (described below) assumes a single dark matter halo. 2. Cluster redshift should be lower than 0.7 to have an enough number density of background galaxies for the measurement of weak lensing shear profile (described below). 61 weak lensing secure clusters meet those conditions (see Table 5 ). We derive cluster masses by fitting the NFW model to measured weak lensing shear profiles based on the standard likelihood analysis. We employ the weak lensing mass estimate procedure of Umetsu et al. (2020) who used the same HSC first-year shear catalog as one used in this study, allowing us to closely follow their procedure. Since details of the procedure are described in Umetsu et al. (2020, and see the references therein), below we describe those aspects that are directly relevant to this study.
For each cluster, we select background galaxies using the P -cut method (see Section 3.4 of Umetsu et al. 2020 , and see also Medezinski et al. 2018 ) with the cluster redshift taken from the estimated redshift of matched CAMIRA-HSC clusters 5 , and we measure the azimuthally averaged tangential shear (γt) which relates to the excess surface mass density ∆Σ as (Kaiser 1995) 
where Σ(R) is the azimuthally averaged surface mass density at R,Σ(< R) denotes the average surface mass density interior to R, and Σcr(z cl , zs) is the critical surface mass density. We take the peak positions as the cluster centers, and we measure γt(R) in 5 radial bins of equal logarithmic spacing of ∆ log R = 0.25 with bin centers of Rc(i) = 0.3 × 10 i∆ log R [h −1 Mpc] where i runs from 0 to 4. We use the photo-z PDFs of background galaxies to evaluate Σcr(z cl ,zs) following Umetsu et al. (2020, Section 3.2) . Resulting ∆Σ(R) are shown in Figure 10 .
We adopt the NFW model (Navarro et al. 1997 ) to make the model prediction of the weak lensing shear profile by a cluster. The spherical NFW density profile is specified by two parameters, the characteristic density parameter (ρs), and the scale radius (rs), as ρNFW(r) = ρs/[r(r + rs) 2 ]. We define the halo mass by the overdensity mass (M∆) which is given by integrating the halo density profile out to the corresponding overdensity radius (rs) at which the mean interior density is ∆ × ρcr(z). The corresponding concentration parameter is defined by c∆ = r∆/rs. For 5 For HWL16a-002, the redshift of matched XXL cluster (XLSSC 114) is taken as it is based on spectroscopic redshifts (Adami et al. 2018 ). a given set of (M∆, c∆), which is of our primary interest, the NFW parameters (ρs,rs) are uniquely determined, and thus ∆Σ(R) is as well. Therefore we take (M∆, c∆) as fitting parameters in the likelihood analysis. We consider two cases, ∆ = 200 and ∆ = 500.
We employ the standard likelihood analysis for deriving constraints on the model parameters. The log-likelihood is given by,
where data vector di = ∆Σ(Ri), and mi(p) is the model prediction with the model parameters p = (M∆, c∆). The covariance matrix (Cov) is composed of the three components (see Umetsu et al. 2020 , and references therein for detailed descriptions): The statistical uncertainty due to the galaxy shape noise (Cov shape ), the cosmic shear covariance due to uncorrelated large-scale structures projected along the line of sight (Hoekstra 2003 ) (Cov lss ), and the intrinsic variation of the cluster lensing signals at the fixed model parameters due to e.g., cluster asphericity, and the presence of correlated halos (Cov int ) (Gruen et al. 2015; Miyatake et al. 2019) .
We compute the log-likelihood function over the two-parameter space in the ranges of 0.01 < M∆[×10 14 h −1 M⊙] < 30 and 0.01 < c∆ < 30, and marginalize it to derive one-parameter posterior distributions. Peaks and 68.3% confidence intervals of marginalized posterior distributions of c200c, M200c, M500c are summarized in Table 5 . Note that "N.A." in the results of c200c means either the upper/lower bound of 68.3% confidence interval or the minimum of the marginalized likelihood function is not enclosed within the parameter range of c200c. This is due to the limited coverage in R with relatively large error bars. For a visual inspection of the goodness of fit, in Figure 10 , we compared the measured excess surface mass density profiles with the best-fit NFW model in the M200c-c200c space.
Appendix 4 The locally normalized SN estimator
In this study, we have adopted the globally normalized SN estimator defined by equation (7) with equations (5) and (6). In some studies (for example, Hamana et al. 2015) , however, the peak SN (θ) is defined by the locally normalized estimators, for which K(θ) and σ 2 shape (θ) are normalized by the local galaxy number density, ng(θ), instead of the mean densityng. Here we compare those two estimators using a simple model, and using the actual weak lensing data. See Schmidt & Rozo (2011) for a related study on those estimators.
Following the same manner as one introduced in Section 5.1, the local estimators are written by,
Notice that contributions from cluster member population can not be ignored at the cluster central regions where we are interested in. Thus we have,
Therefore, the locally defined SN is affected by the cluster member population and can be smaller than the globally defined SN [see equation (16)], though it depends on a local proportion of cluster member galaxies to background and foreground galaxies.
We examine actual differences between the globally normalized and the locally normalized SN values using our source galaxy samples. We have generated the locally normalized SN maps for the six source samples used in this Fig. 12 . Shown is the local galaxy number density at cluster regions, which is defined by the mean number density within an angular radius of 15 arcmin from peak positions, normalized by the global mean galaxy number density. Weak lensing secure clusters are used, and are divided into four sub-samples based on the cluster redshifts (denoted in panels). The horizontal axis is zmin of source galaxy samples. For each sub-sample and each source galaxy sample, the mean and its 1-σ error among the clusters (the number of clusters in each sub-sample is given in each panel) are plotted. study. We evaluate locally normalized SNL values at positions of high peaks (SNG ≥ 5) located in the globally normalized SN maps. This SNG-SNL comparison is done for six sets of SN maps. Results are shown in Figure 12 , in which we find that SNL tends to be smaller than SNG, and that this trend is more clearly seen in lower zmin cases as expected. We find that SNL is smaller about 10 percents on average than SNG for weak lensing maps used in this study.
We note that one may take an averaged local shape noise (that is σ 2 shape,L ) to define the SN , instead of the locally defined one. In this case, deriving its expression using the above manner is not straightforward, because it is necessary to take into account the covariance between numerator and denominator in equation (A4) (see Schmidt & Rozo 2011 for an approximative approach to this). Instead, we evaluate σ 2 shape,L with actual weak lensing data used in this study and compare it with σ 2 shape,G . We find that those are very close; σ 2 shape,L 1/2 is only slightly smaller than σ 2 shape,G 1/2 (to be specific, the fractional difference is smaller than 0.5 percents). Therefore, replacing σ 2 shape,L (θ) with σ 2 shape,L does not mitigate the dilution effect, but an additional n cl (θ) term in the normalization of KL(θ) suppresses the peak signal [compare equations (13) with (A3)]. We measure n cl from our data; in doing this, we have defined the local galaxy number density at cluster regions by the mean number density within a circular area with an angular radius of 15 arcmin from peak positions. 6 Results are shown in Figure 12 for four cluster redshift ranges and six source samples, in which we find that for zmin from 0 to 0.3, the galaxy density excess is 5-10 percents, whereas for higher zmin it is consistent with zero for higher redshift clusters (0.3 < z cl < 0.5) but is still 5-10 percents for lower redshift clusters. It follows from these results that for low-zmin source samples, a peak SN from the globally normalized estimator can be 5-10 percents larger than one from the locally normalized estimator. We note that the decreasing trend of the number excess at higher zmin seen in higher redshift clusters is expected, as zmin-cut may exclude cluster member galaxies of clusters at z cl < zmin. However, the trend is not seen in the lower redshift clusters. The reason for this is not understood well; possible causes are the line-of-projection of undiscovered clusters at higher redshifts, and errors in photo-z (cluster member galaxies at a low-z are mis-estimated as higher-z galaxies). We are not going into this issue in this study but leave it for a future study. Table 3 . Summary of weak lensing merged peaks. First column is the merged peak ID, the second to fifth columns are for information of weak lensing peaks (see Section 3.3), the sixth to ninth columns are for information of matched CAMIRA-HSC clusters (see Section 4), and the last columns is for matched known clusters in Adami et al. (2018) (XXL clusters, see Appendix 1.2), Abell et al. (1989) (Abell clusters) , and Miyazaki et al. (2018a, cited by M18 in this Table 4 . Summary of known cluster counterparts of 17 weak lensing merged peaks which have no CAMIRA-HSC cluster within 5 arcmin radius from the peak positions. A known cluster database taken from a compilation by NASA/IPAC Extragalactic Database (NED) was used for this counterpart search. 
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